This report presents an overview of the information collected at 911th Airlift Wing, Pittsburgh, PA along with a conceptual fuel cell installation layout and description of potential benefits the technology can provide at that location.
Similar summaries of the site evaluation surveys for the remaining 28 sites where CERL has managed and continues to monitor fuel cell installation and operation are available in the companion volumes to this report (see Table 1 ).
Objective
The objective of this work was to evaluate 911th Airlift Wing as a potential loca¬ tion for a fuel cell application.
Approach
On 27 and 28 March 1996, CERL and SAIC representatives visited the 911th
Tactical Airlift Group (the site) to investigate it as a potential location for a 200 kW fuel cell. This report presents an overview of information collected at the site along with a conceptual fuel cell installation layout and description of poten¬ tial benefits. The Appendix to this report contains a copy of the site evaluation form filled out at the site. There is a 100 kW natural gas fired reciprocating generator located on the south side of the building that provides backup power to the dining hall. In total, there are 10 backup generators at the 911th TAG ranging in size from 60 kW to 155 kW and totaling 848 kW.
There are natural gas and electrical tie ins located on the south side of the din¬ ing hall. The main electrical yard for the entire base is located on the west side of the dining hall in building 212.
Electrical System
The 
Space Heating System
Individual rooms are maintained at about 70 °F throughout the heating season.
There is no temperature set-back when unoccupied. The hot water for space heating is provided from the dining hall boiler via the underground distribution system.
Space Cooling System
The dining hall has rooftop air conditioning units. 
Fuel Cell Location
The fuel cell should be located on the south side of the dining hall as shown in Based on the electrical load profile data provided by the site (see attached site evaluation form), the minimum electric load for the entire base is approximately 310 kW. This indicates that all of the fuel cell electrical output will be utilized on site and that there will be no sell back to the utility grid. As part of the de¬ tailed design process, a protective relay might be considered in cases of ex¬ tremely low load at the base while the fuel cell is operating.
Currently, the only applicable thermal load for the fuel cell is to provide heat to the hydronic space heating system that now supplies space heating for buildings timated from the measured load profile data that on a typical day the space heat¬ ing load was at the minimum for about 9.5 hr or 40 percent of the hours in a day.
During the cold months (December -February), the minimum load was esti¬ mated to be 65 percent of the average load. The minimum load during the cold months was above the output of the fuel cell (>350,000 Btu/hr) and, therefore, 100 percent of the fuel cell output could be used. Table 3 lists the thermal utili¬ zation for this site. Based on the space heating load profile data and gas consumption data, an esti¬ mated 3,000-gal storage tank would be required to increase the thermal utiliza¬ tion from 85 to 100 percent of the 350 kBtu/hr available for the 7-month heating season. Figure 3 shows an assumed load profile for storage size. This sizing is based on the required heat for an average "cool" day. This slightly conservative sizing is recommended to fully utilize the fuel cell heat.
A potential future thermal interface for the fuel cell is the domestic hot water for the new building planned for completion in the year 2000 which will replace buildings 208-210 as well as the BOQ which will be moved from building 206.
The domestic hot water interface could utilize the standard, low-grade fuel cell heat exchanger. A rough estimate of this potential load was calculated using the ASHRAE estimate of 13.1 gal of hot water per person per day. There will be ap¬ proximately 108 rooms in the new building. Assuming an average annual occu¬ pancy rate of 50 percent (current occupancy rate at the base) and 140 °F supply and 60 °F make-up water temperatures, the estimated DHW load for the new building is:
19.7 KBtu/ hr = (13.1 gal/day * 108 rooms * 50% occupancy * 8.35 Ib/gal * 1 Btu/ °F-lb * (140 °F-60 °F)) /(24 hr per day).
The recommended thermal interface is shown in Figure 4 . The fuel cell's high grade heat exchanger should be tied into the space heating return line from buildings 216-219. An additional circulation pump should be used to pull the recommended heat exchanger flow through the fuel cell. This will allow the de¬ sign flow rate to go to the fuel cell without restricting the space heating water flow. The pump should be activated whenever the main circulating pumps are running and the fuel cell is operating. The pump should shut off when the mix temperature at the discharge from the circulating pumps reaches the maximum desired temperature, about 190 °F. Figure 5 presents the conceptual thermal interface design for the storage case.
Return water will flow into a pressurized 3,000 gal storage tank. The storage tank will be heated up to 250 °F by the fuel cell and the outlet will be mixed with the return water to provide a temperature of 190 °F at the pump discharge.
EROC/CERL TR-01 -19 Figure 4 . Fuel cell thermal interface -space heat.
Economic Analysis
The 911th TAG is located in Duquesne Light's service territory and billed under GL -General Service Large electric rate schedule. The Site pays $18.55/kW for the first 300 kW of demand and then $14.08/kW for monthly demand exceeding 300 kW. The energy charge is 3.83 cents/kWh. Historical records show that an "energy cost rate" credit of 0.2415 to 0.2433 cents/kWh is given to the base lower¬ ing their average energy charge to approximately 3.59 cents/kWh. On-peak and off-peak demand is measured, but a separate rate is not applied. Table 4 lists the electric bills for the Site during FY95. An overall annual average of 7.37 cents/kWh was paid for electricity (includes both demand and energy charges).
Natural gas is purchased from Peoples Gas. Table 5 A preliminary inquiry to Peoples Gas by the Site revealed that a lower gas rate might be obtained for the fuel cell input fuel. Peoples Gas quoted a rate of $3.75/MCF. This rate was used for the Base Case to estimate potential fuel cell savings. Another case using the boiler gas rate ($4.82/MCF) was also evaluated. Electric savings from the fuel cell were calculated based on the fuel cell operat¬ ing 90 percent of the year (1,576,800 kWh). A range of fuel cell demand savings was also calculated. Table 6 shows the results of this analysis. The value of displacing the DHW load in the new building was also calculated.
Using an average of 19.7 kBtu/hr, the displaced thermal is calculated as: The impact of thermal storage on net savings is $1,657. The total cost of install¬ ing a 3,000 gal pressurized storage tank plus the mixing valve and pad is esti¬ mated at $8,000, resulting in a pay back period of 4.8 years.
The analysis is a general overview of the potential savings from the fuel cell. For the first 3 years, ONSI will be responsible for the fuel cell maintenance. Main¬ tenance costs are not reflected in this analysis, but could represent a significant impact on net energy savings. Since detailed load energy profiles were not available, net energy savings could vary depending on actual thermal and elec¬ trical utilization. This report presents an overview of the information collected at the 911th Airlift Wing, Pittsburgh, PA, along with a conceptual fuel cell installation layout and description of potential benefits the technology can provide at that location. Similar summaries of the site evaluation surveys for the remaining 28 sites where CERL has managed and continues to monitor fuel cell installation and operation are available in the companion volumes to this report. 
